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Stoichiometric LiFeAs at ambient pressure is an 18 K superconductor while isostructural, isoelectronic
MgFeGe does not superconduct, despite their extremely similar electronic structures. To investigate possible
sources of this distinctively different superconducting behavior, we quantify the differences using first principles
density functional theory. Total Fe 3d occupations are identical, with individual 3d orbital occupations differing
by no more than 0.015. However, a redistribution of bands just above the Fermi level εF provides an impor-
tant distinction, with more Fe-derived states within 0.5 eV of the Fermi level and a higher N(εF ) in MgFeGe.
For many mechanisms these features would enhance the tendency toward superconductivity by providing more
Cooper pairs (in MgFeGe), but the tendency toward magnetic instability might be more important. Two of the
five Fermi surfaces differ between LiFeAs and MgFeGe, but still lead to similar q-dependencies of susceptibil-
ities χ0(q) including the familiar broad peak at (pi, pi). The larger χ0(q) in MgFeGe, by 10-15% throughout the
zone, leads us to tentatively identify this proximity to magnetic instability as the feature underlying the absence
of superconductivity in MgFeGe. Another significant difference is the 2.5% difference of the in-plane lattice
constant, positioning LiFeAs as a chemically compressed version of MgFeGe. This has possible significance
since certain Fe pnictides display pressure-induced superconductivity.
I. INTRODUCTION
In the four years since the discovery of superconductivity in
the iron-pnictide and -chalcogenide superconductors (FeSCs),
a great deal has been learned about the materials physics of
the handful of structural subclasses that comprise these new
high temperature superconductors. Differences between the
subclasses have been uncovered, but progress on the under-
standing of the microscopic mechanism of pairing is lacking.
We suppose (as is commonly held) that the superconductivity
that occurs in these materials which have in common a lay-
ered, fluorite-type Fe-Pn backbone (Pn = pnictide or chalco-
genide) has a common origin, at least for the “high Tc” (> 10–
15 K) cases. One of the greatest current needs is to identify
microscopic characteristics that can shed light specifically on
the existence, or not, of high temperature superconductivity
(HTS) and thereby on the underlying pairing mechanism.
Several mechanisms have been put forward. Because super-
conductivity borders and competes with magnetic order as in
the HTS cuprates, it is natural to study a spin fluctuation (SF)
origin, and several groups1–4 have pursued antiferromagnetic
SF models. Fe 3d orbital occupation and character have re-
ceived much attention, and an orbital fluctuation (OF) model
has been suggested by Saito et al.5 The role of the Pn anion
was given more attention in the charge fluctuation (CF) picture
of Zhou et al.,6 where interatomic Fe-Pn charge-charge inter-
actions provided another electronic mechanism. On one hand,
strong mixing with the narrow Fe 3d bands removes almost
all Pn character in the states near the Fermi level εF , making
most models focus simply on the 3d states. On the other hand,
Tc has been found to correlate strongly with the distance of the
Pn above and below the Fe plane, or more specifically on the
Pn-Fe-Pn bond angle and/or Fe-Pn bond length.7,8
The Pn anion received attention early in the study of FeSCs,
when Berciu et al.9 modeled pairing in terms of electronic
polarons and bipolarons. Their picture foreshadowed the CF
model mentioned above, but placed more emphasis on the an-
ticipated large polarizability of the Pn anions, and did not in-
clude consideration of SFs or OFs. This picture was contin-
ued and extended to include interatomic exchange coupling by
Chan et al.10 The conventional phonon mechanism, for which
there is a reliable microscopic theory when electronic interac-
tions are described sufficiently by density functional methods,
has been evaluated by Boeri et al.11 and found to be too weak
to explain Tc in the 25–55 K range. Strong spin-lattice cou-
pling, however, has been suggested by Egami et al.12 to be
involved in pairing. The electronic structure of these FeSCs is
being studied in detail experimentally and modeled carefully
by numerous groups, with a primary aim being to uncover the
pairing mechanism.
LiFeAs is recognized as a problem child in the catego-
rization of FeSCs. Among the vast collection of FeSCs that
have been discovered since the first of their kind,13 LiFeAs
is one of very few which superconduct without the need for
either chemical doping or physical compression. Of these
few, LiFeAs not only has the highest superconducting tran-
sition temperature (Tc = 18 K), but it is to date the only com-
pound, other than LiFeP, whose Tc does not increase when
doped or pressurized. It is widely believed that in the ma-
jority of FeSCs, doping or application of pressure suppresses
the nesting-induced spin-density-wave (SDW) order to make
way for competing superconductivity. LiFeAs however does
not undergo any magnetic transition, and significance of FS
nesting in LiFeAs has been questioned.14 It also differs from
its isovalent sister compound NaFeAs. Similarities between
NaFeAs and LiFeAs in band structure and DOS are even more
pronounced15,16 than between MgFeGe and LiFeAs, but un-
like MgFeGe and LiFeAs, NaFeAs undergoes a magnetically
driven structural phase transition above the superconducting
transition.17–19 In fact, bulk superconductivity may not even
exist in NaFeAs.20–22
The recent report of the synthesis and characterization
by Hosono’s group23 of non-magnetic MgFeGe, which is
isostructural and isoelectronic with the 18 K superconductor
TABLE I: Crystal structure parameters of LiFeAs and MgFeGe in
the tetragonal space group P4/nmm. Wyckoff labels of Li/Mg, Fe,
and As/Ge are, respectively, 2c, 2b, and 2c.
a (Å) c (Å) (x, y, z)
LiFeAs
Li (1/4, 1/4, 0.8459)
3.7914 6.3639 Fe (3/4, 1/4, 1/2)
As (1/4, 1/4, 0.2635)
MgFeGe
Mg (1/4, 1/4, 0.8316)
3.8848 6.4247 Fe (3/4, 1/4, 1/2)
Ge (1/4, 1/4, 0.2620)
LiFeAs but is not superconducting, provides a means to obtain
new insight. In their initial report, Liu et al.23 noted the resem-
blance of the electronic structure near εF to that of LiFeAs,
providing both a conundrum and an opportunity to identify
differences that account for the vast distinction in supercon-
ducting behavior. Supposing that Mg gives up both of its va-
lence electrons to the Fe-Ge bands, two initial basic questions
emerge: the 3d charge on Fe and its orbital distribution, and
the distinctions between the anions As and Ge that are neigh-
bors in the periodic table.
We first establish the unexpected feature that the Fe 3d oc-
cupation is identical in these two compounds. The (presum-
ably) more negatively charged Ge anion should have an even
higher polarizability than As, for which the simplest view-
point might suggest to be more favorable for superconduc-
tivity, rather than precluding it. Furthermore, the As-Fe-As
angle, which has been shown for most of the pnictides7,8 to
correlate strongly with increased Tc as it approaches the reg-
ular tetrahedral angle of 109.47◦, is 103.1◦, very similar to
MgFeGe’s Ge-Fe-Ge angle of 103.6◦. Note that NaFeAs,
which possesses an angle of 108.3◦, is a departure from the
geometry of these two compounds in this respect, as well as
from the general trends among the FeSCs. One can also ques-
tion whether the alkali versus alkali earth atom can make any
real difference for superconductivity. Otherwise, the essen-
tial difference must come down to small distinctions on the Fe
atom, such as individual orbital occupations or details of the
band structure which, as we show, are quite similar in these
compounds.
In this paper we perform a close comparison of the elec-
tronic structures of MgFeGe and LiFeAs. The differences
of the Fe 3d orbital occupations, though small as mentioned
above, are however readily quantifiable. The DOS near and
at the Fermi energy is a major difference between LiFeAs
and MgFeGe. Electronic susceptibility calculations show
that both compounds behave similarly overall, with structure
closely related to that calculated and observed in 1111 and 122
FeSCs. A summary of findings is provided in the last section.
II. ELECTRONIC STRUCTURE
A. Description of methods
The non-magnetic electronic structures of LiFeAs and
MgFeGe were calculated using WIEN2k,24,25 a density func-
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FIG. 1: (Color online) Valence radial charge density (in a.u.) of Fe
in LiFeAs and MgFeGe (top), illustrating the extreme similarity not
only in the region of the 3d peak at 0.7 a.u., but also extending out to
1.4 a.u. The tiny difference is quantified by plotting the percentage
difference (bottom). Both are plotted versus the radial distance from
the Fe atom center.
tional theory (DFT)-based full potential, linearized aug-
mented planewave (LAPW) code. For the exchange-
correlation functional, the generalized gradient approximation
(GGA) of Perdew, Burke, and Ernzerhof26 was applied. A k-
point mesh of 32×32×19 was used, and RKmax was set to 10.
As for the muffin-tin (MT) radii R, we used values of 2.50,
2.43, and 2.14 a.u. for Li/Mg, Fe, and As/Ge, respectively.
We adopted the experimental lattice constants of LiFeAs and
MgFeGe (both of which form a P4/nmm tetragonal unit cell)
given in Refs. 23 and 27 respectively. The internal coordi-
nates came from the same experiments, and relaxation was
not applied in our calculations since we are interested in iden-
tifying distinctions and comparing with experiment when pos-
sible. The structural parameters are given in Table I. We have
verified that changes due to spin-orbit coupling are uninter-
estingly tiny. Note that the Li (Mg) atom is five-coordinate
with As (respectively, Ge) in a square-based pyramid, and its
height above the Fe plane is 2.20 Å (2.13 Å).
B. Charge density and As/Ge-related differences
The Fe 3d occupations in LiFeAs and MgFeGe are iden-
tical. This essential feature is established by comparing the
radial valence charge density 4pir2ρ(r) of Fe between the two
2
LiFeAs
m
m′
-2 -1 0 +1 +2
-2 0.646 0.000 0.000 0.000 -0.033
-1 0.000 0.626 0.000 0.000 0.000
0 0.000 0.000 0.698 0.000 0.000
+1 0.000 0.000 0.000 0.616 0.000
+2 -0.033 0.000 0.000 0.000 0.625
MgFeGe
m
m′
-2 -1 0 +1 +2
-2 0.645 0.000 0.000 0.000 -0.038
-1 0.000 0.635 0.000 0.000 0.000
0 0.000 0.000 0.683 0.000 0.000
+1 0.000 0.000 0.000 0.623 0.000
+2 -0.038 0.000 0.000 0.000 0.621
TABLE II: Fe 3d orbital occupation matrix elements nmm′ of LiFeAs
and MgFeGe, from the LAPW sphere of radius R = 2.47 a.u.
compounds, shown in Fig. 1. In the region of the 3d peak at
radius r = 0.7 a.u., where the density is due only to 3d occu-
pation and to identical core tails, the difference is incredibly
small (less than 0.1%), and the difference remains tiny out to
1.4 a.u. Using the same MT radius of 2.43 a.u., the charge of
Fe in this sphere in LiFeAs is larger only by 0.01 electrons
(the charges are 6.65 for LiFeAs, 6.64 for MgFeGe), with
this tiny difference arising from the differing As and Ge tail
charges. The orbital occupation matrix elements nmm′ for both
compounds are listed for comparison in Table II. The largest
difference is 0.015 for the dz2 (m = 0) orbital, being smaller in
MgFeGe. This difference is compensated by the dxz/yz occupa-
tion (m = ±1) being larger by ∼ 0.01 in MgFeGe. The m = ±2
(dxy, dx2−y2 ) orbital occupation differences are negligible. The
t2g and eg degeneracies are broken by the Fe site symmetry, of
course, as can be noted in the occupation matrices.
Since the total Fe 3d occupation is identical and individ-
ual orbital occupations differ by only 1–2% for the two com-
pounds, it becomes of more interest to compare differences
ascribable to As and Ge. One difference is the structure it-
self: the lattice constants a and c of MgFeGe are about 2.5%
and 1% larger respectively, giving MgFeGe a 6% larger vol-
ume. Of Fe’s three nearest-neighbor interatomic distances,
the Fe-Fe distance differs most, 2.68 Å compared to 2.75 Å,
this 2.5% increase being directly related to the same relative
increase in a lattice constant. In this sense LiFeAs is a com-
pressed version of MgFeGe. Effective d-d hopping ampli-
tudes might be changed somewhat, however, since the hop-
ping is largely through the As or Ge atom and this interaction
will differ. There is a similar 2% increase in the Fe-As/Ge
distance (2.42 Å/2.47 Å), related to Ge’s larger atomic radius.
Despite MgFeGe’s larger unit cell (6% in volume), and Mg
having larger nuclear charge than Li, but perhaps because Mg
has an additional valence electron, the Fe-Mg distance is 0.8%
shorter than that of Fe-Li (2.91 Å versus 2.88 Å).
There has been interest in the polarizability of the pnictide
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FIG. 2: Band structures of LiFeAs and MgFeGe near the Fermi en-
ergy. The differences at Γ, X, and M are discussed in the text.
atom and its effect on carriers. The polarizability of the Ge
atom is 40% larger than that of As (6.07 vs. 4.31 Å3). Naively,
this difference would favor superconductivity in MgFeGe ac-
cording to the relevant model.28 Moreover, with the additional
valence electron (Mg vs. Li) not going to Fe and thus going
primarily to Ge, this difference in polarizabilities of Ge and
As may be enhanced in the solid, making it even more diffi-
cult to understand the difference in superconducting behavior
in terms of the metalloid polarizability.
C. Bands and Fermi surfaces
The band structures of the compounds are compared in
Fig. 2. As noted by Liu et al., the similarity of their bands
near the Fermi energy εF is a striking feature. The doubly de-
generate band at Γ drops by less than 0.1 eV to lie very close
to the Fermi level in MgFeGe, and the pocket at M shrinks in
size due to a rise by less than 0.1 eV of the band just below εF ;
the bands elsewhere at εF are extremely similar along symme-
try lines. However, the lowering by 0.38 eV (from 0.43 eV to
0.05 eV) of the lowest unoccupied band at the X point is a
3
FIG. 3: (Color online) Fermi surfaces, in the Brillouin zone, of (a)
LiFeAs and (b) MgFeGe. In both cases, three hole pockets (α1, α2,
α3) center Γ, located at the unit center, and two electron pockets (β1,
β2) surround each M and A point, the latter located at the zone cor-
ners.
comparatively drastic difference.
The FSs of FeSCs are believed to be intimately connected
to their superconducting properties and magnetic excitation
spectrum. The FSs of LiFeAs and MgFeGe, depicted in Fig. 3,
are each made up of three hole pockets centered at Γ, denoted
α1, α2, and α3 from smaller to larger, and two electron pock-
ets at M, β1 and β2. The largest hole pocket α3 of MgFeGe
is larger than that of LiFeAs, while the two smaller hole-like
pockets α1 and α2 are smaller. The waists (at kz = 0) of both
β1 and β2 are smaller—the corresponding band lies almost ex-
actly at εF—but MgFeGe’s pockets encompass more electrons
than does LiFeAs due to their more extreme flaring around the
zone corner A. α1 and α2 are primarily dxz/yz-like, and α3 is
mainly dxy in character. At kz = 0, β1 and β2 have, respec-
tively, dxz/yz and dxy character, but as kz → ±pi, they switch
attributes so that β1 becomes predominantly dxy-like and β2
mostly dxz/yz-like at kz = pi.
D. Density of states
The densities of states (DOSs) of LiFeAs and MgFeGe are
aligned for comparison in Fig. 4. In the case of LiFeAs, εF
sits on the shoulder of a high DOS region with almost en-
tirely Fe d character, consistent with results presented by pre-
vious groups.23,29,30 Li/Mg contributions are negligible at and
around the Fermi energy, and As/Ge density is also very low
at εF . The LiFeAs and MgFeGe DOSs share similar Fe d
features from −2 eV up to εF , although the latter has a some-
what compressed range of large DOS. Above εF in MgFeGe
the shoulder is more abruptly cut off. But the peak of unoc-
cupied states centered at 0.5 eV in LiFeAs is shifted down in
MgFeGe to form a denser manifold just above the abridged
shoulder, and it is centered 0.2 eV above the Fermi level. This
can be traced in part to the drop in the first unoccupied band
at X, mentioned earlier, providing more states near the Fermi
energy. The DOS at εF , N(0), is 4.5 eV−1 in LiFeAs (per
unit cell of two formula units), which is comparable to that
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FIG. 4: (Color online) Densities of states (per two spins, per primi-
tive cell) of LiFeAs and MgFeGe. Li/Mg states give negligible con-
tribution in this energy range so they have not been plotted. The
primary difference occurs in the 0.0–0.5 eV regions (see text).
of many other FeSCs.31–36 In MgFeGe N(0) = 5.7 eV−1, 20%
larger than in LiFeAs.
A higher N(0), and more generally more states within 0.5
eV of εF , is a property that conventionally should enhance
superconductivity, since N(0) is the measure of the number
of condensed Cooper pairs. However in several FeSCs, the
superconducting state has a lower DOS than in its parent (nor-
mal) phase.33,37–39 As mentioned earlier, most undoped parent
compounds of FeSCs do not superconduct at ambient pres-
sure; they have to be compressed, or electrons or holes have
to be introduced, in order to influence them into the supercon-
ducting regime. Pressure should, generally speaking, decrease
the DOS at the Fermi energy, since bands widen with spatial
compression. This so happens in CaFe2As2 as it transitions
from the non-superconducting state to the compressed super-
conducting phase.37 As for chemical doping, two groups38,39
report a drop in N(0) when non-superconducting LaOFeAs,
with F doping, becomes superconducting; SrFe2As2 also has
a smaller DOS value at the Fermi energy when Co is in-
troduced into the system to trigger superconductivity;33 and
BaFe2As2, when electron-doped, passes over to the supercon-
ducting phase while suppressing magnetism,40–42 and N(0) is
indeed expected to decrease. In each case of all of these com-
pounds, the weak magnetic ordering exhibited by the parent
compound is gradually lost as superconductivity is turned on.
Typically the role of doping or pressurization in the FeSCs is
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to remove magnetic instability, which can be done by lower-
ing the DOS at the Fermi energy.
Angle-resolved photoemission spectroscopy (ARPES)
measurements14,43–47 have shown differences when compared
to the DFT band structure of LiFeAs, with some DFT bands
crossing εF being too high in energy and others being too
low. Along the symmetry lines Γ-X-M-Γ, at every k point
where a band in ARPES14 crosses the Fermi energy, the
DFT inaccuracy is 70 meV or less. But at every energy
within εF±70 meV, the DOS of LiFeAs is lower than that
of MgFeGe. Moreover, MgFeGe has 40% more electronic
states in the εF± 70 meV window than LiFeAs. Thus, despite
the impreciseness of the DFT band structures, it is clear that
MgFeGe will have a higher N(0). We suggest that the larger
N(0) in MgFeGe, versus LiFeAs, can explain the absence of
superconductivity: MgFeGe is closer to the SDW instability,
further from the superconducting region of the phase diagram.
E. Susceptibility χ0(q)
The ARPES studies referred to above are universal in their
agreement that FSs α1 and α2 are considerably smaller (by
about 95% and 80%, respectively) than their DFT analogs.
Many published papers have thus drawn the conclusion that
nesting would be completely absent or much weaker than that
in the 1111 and 122 Fe-based superconductors, whose hole
and electron pockets are more equal in size. It has, however,
been pointed out that structure in χ0(q) is not drawn solely
from the FS, but can be affected by bands somewhat away
from the FS.48 Thus “nesting” can be ambiguous until its use
is clarified.
In Figure 5(a) and (b), we provide the calculated constant-
matrix-element bare susceptibility χ0(q) (in the same arbitrary
but comparable units) of LiFeAs and MgFeGe, respectively,
obtained from all five bands that cross the Fermi level. Our
χ0 for LiFeAs is similar in shape to that calculated by Lee et
al..47 There is a strong but broad maximum in χ0 at (pi, pi) in
both materials, and the two Γ-centered cylindrical FSs with
radii kF,α2 and kF,α3 lead to the circular hump in the range of
2kF,α2 , 2kF,α3 , and kF,α2 + kF,α3 . The susceptibility of LiFeAs
in fact resembles that of superconducting LaO0.9F0.1FeAs cal-
culated by Mazin et al.38 Though Dong et al.49 find the peak at
M to collapse with F doping, they do agree with Mazin et al.
that the susceptibility is stronger in the parent compound. It
is not however the smaller hole pockets but the largest pocket
that predominantly contributes to the peak in χ0(q). We have
confirmed this by calculating χ0 excluding the two hole pock-
ets, finding that its topology is virtually identical to that which
includes all pockets.
The larger magnitude of χ0(pi, pi) of MgFeGe compared to
LiFeAs, which is related to MgFeGe’s larger N(0) value, sup-
ports the evidence provided above that MgFeGe is closer to
a magnetic instability, plausibly accounting for its lack of su-
perconductivity. Three studies47,50,51 have shown that apply-
ing dynamical mean-field theory (DMFT), in which dynami-
cal electron correlation effects are taken into account in a lo-
cal manner, yields FSs more consistent with experiment for
FIG. 5: (Color online) Non-interacting spin susceptibilities
χ0(qx, qy, qz ≡ 0), in arbitrary units, of (a) LiFeAs and (b) MgFeGe
in the complete Brillouin zone. A distinctive difference is that the
peak at (pi, pi, 0) is higher but wider in MgFeGe. In these plots, the Γ
point is positioned at the corners.
LiFeAs. According to Lee et al.’s calculations, DMFT re-
duces the (pi, pi) peak but not completely —χ0(q(pi, pi))/χ0(q =
0) drops below 1.1—and broadening remains the same. Appli-
cation of DMFT to MgFeGe, as well as ARPES measurements
on the material, will be instructive in trying to understand dif-
ferences underlying the different superconducting behavior of
these two very similar compounds.
III. SUMMARY
In this study we have made a comparison of several as-
pects of the electronic structures of LiFeAs and isoelectronic
but nonsuperconducting MgFeGe. As noted in the original
report,23 the band structures near the Fermi level are very
similar. Moreover the Ge-Fe-Ge and As-Fe-As bond angles,
which correlate strongly with Tc across the classes of FeSCs,
are nearly the same and thus violate the general trend. We
have determined that the Fe 3d occupation is also identical for
the two compounds.
Several differences have been identified. Individual Fe 3d
orbital occupations differ by up to 0.015, mounting to rela-
tive changes of 0–2%. A repositioning of a DOS peak a few
tenths of eV above εF , and an overall increase in the Fe 3d
DOS within 0.5 eV of εF , are the most obvious differences,
reflecting differences in Fe hybridization with Ge versus As.
Judging from the sizes of Fermi surfaces the degree of nesting
changes, but the same broad but significant peak of the suscep-
tibility seen in other magnetically suppressed FeSCs exists in
LiFeAs as well. The shape of χ0(q) is similar in MgFeGe but
the intensity is greater, a feature that figures ito spin fluctua-
tion scenarios of FeSCs.
The higher DOS of MgFeGe at and near εF , as well as the
larger χ0 throughout the zone and 15% larger at (pi, pi), implies
that it is more proximate to a magnetic instability, which we
tentatively identify as the most likely factor in the absence of
superconductivity. Another observation is that the smaller in-
plane lattice constant in LiFeAs (5% smaller unit cell area)
positions it as a strongly compressed version of MgFeAs,
also impacting their different superconducting behaviors. We
suggest that further exploration in parallel of these two com-
pounds, theoretically and by experiment, will provide one of
the most promising approaches to identifying the supercon-
ducting mechanism in FeSCs.
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